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Abstract
Objectives-To study the risk factors

for cardiac mortality after coronary

artery bypass graft surgery.

Design and Setting-Follow up study
of patients who had undergone coronary

artery bypass graft surgery at the
University Hospital of Oulu, Finland.
Patients and Interventions-339 con-

secutive patients who underwent cardiac
catheterisation three months after by-
pass surgery.
Main Outcome Measures -Incidence

of cardiac deaths during the follow up

period of five years and predictive value
of clinical and angiographic variables
for subsequent cardiac mortality.
Results-The incidence of cardiac

deaths was 5-1%, and 81% of these were

sudden deaths. The postoperative ejec-
tion fraction was significantly lower in
the patients with subsequent cardiac
death than in the survivors (p < 0-001),
and their left ventricular end systolic
and end diastolic volumes were higher
(p < 0-001 and p < 0-05 respectively).
The incidence of cardiac deaths was 43%
in the patients with a postoperative ejec-
tion fraction of <40%. The myocardial
jeopardy index after surgery and the
rate of graft patency were not signifi-
cantly different in the survivors and
patients who died. The only clinical fac-
tors that were different between the
groups were postoperative use of di-
uretics (p < 0-001) or digitalis (p = 0-02).
After adjustment for other prognostic
variables by the proportional hazards
method, a low postoperative ejection
fraction remained significant as a pre-

dictor of the relative risk of cardiac
mortality five years after operation
(p < 0-01).
Conclusions-Patients with angio-

graphic evidence of impaired left ven-

tricular function after bypass surgery

are still at relatively high risk of dying
suddenly, but myocardial ischaemia due
to incomplete revascularisation is not
strongly associated with an increased
risk of cardiac mortality. Conventional
clinical methods do not seem to be help-
ful for identifying patients with an

increased risk of cardiac death after
bypass surgery.

Many patients with ischaemic heart disease
are presently treated by coronary artery
bypass graft surgery to improve survival and
relieve symptoms. Coronary artery bypass
surgery may have beneficial effects on survival
in those patients who have signs of impaired
left ventricular function or severe coronary
artery disease or both in preoperative angio-
graphic studies. `- Revascularisation effectively
abolishes myocardial ischaemia and left ven-
tricular function may also be altered after
surgery.45 The risk profile for the patients
may thus change significantly after bypass
operation.
We have prospectively followed up 339

patients in whom clinical and angiographic
features had been assessed before and three
months after bypass surgery. Our main pur-
pose was to evaluate the postoperative risk
factors for subsequent cardiac mortality dur-
ing the five years after operation. Knowledge
of these risk factors could allow new strategies
to be developed to improve the survival of
patients after revascularisation surgery.

Methods
PATIENTS
The patient population consisted of 339
consecutive patients who were treated by
coronary artery bypass graft surgery in our
department and who gave their informed con-
sent for recatheterisation at three months after
operation. They were subsequently followed
up for five years. Eight patients had refused
recatheterisation, and were excluded from the
consecutive series. Tables 1 and 2 show the
preoperative and postoperative clinical
features of the patients.

CARDIAC CATHETERISATION AND ANGIOGRAPHIC
STUDIES
The preoperative and postoperative selective
coronary artery and bypass graft angiograms
were performed on multiple projections in-
cluding caudal and cranial views and were

interpreted as described earlier.6 Luminal
narrowings of the coronary arteries or bypass
grafts > 50% were regarded as significant
lesions. Left ventricular volumes were quan-
tified by biplane left ventricular cineangio-
graphy.6 The ejection fraction was calculated
by the biplane area-length method.
We used the myocardial jeopardy index to

quantify the extent of the myocardium at risk
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Table 1 Preoperative and perioperative data

Data Alive (n=316) Cardiac death (n= 17)

Clinical data
Age (mean (SD) yr) 50 (7) 51 (9)
Sex (F/M) 37/279 2/15
NYHA class:

I 6 ( Oto 4%) 1 ( 0to29%)
II 45 (10to 19%) 1 ( 0to29%)

III 183 (53 to 64%) 6 (14 to 62%)
IV 82 (21to31%) 4 ( 7to50%)

Symptoms of CHF 63 (15 to 24%) 4 ( 7 to 50%)
Previous MI:

0 156 (45 to 56%) 6 (14 to 62%)
1 114 (31 to42%) 8 (23to72%)
2 Or more 46 (10 to 20%) 3 ( 4 to 43%)

Medication:
Digitalis 109 (30 to 41%) 8 (23 to 72%)
Diuretic 86 (22 to 32%) 10 (33 to 82%)*
/ Blocking agent 282 (88 to 93%) 13 (50 to 93%)
Calcium antagonist 166 (48 to 59%) 12 (44 to 90%)
Antiarrhythmic drug 12 ( 2 to 7%) 2 (1 to 36%)

Electrocardiogram:
Q waves 106 (30 to 41 %) 9 (28 to 77%)
Bundle branch block 20 ( 4 to 10%) 2 (1 to 36%)
LVH 12 ( 2to 7%) 1 ( Oto29%)

x Ray film:
Cardiac enlargement 101 (27 to 38%) 8 (23 to 72%)
Congestion 7 ( 1 to 5%) 0 ( Oto20%)

Angiographic data
Coronary angiogram:

1 Vessel disease 38 ( 8to 16%) 0 ( Oto20%)
2 Vessel disease 97 (25 to 36%) 6 (14 to 62%)
3 Vessel disease 181 (53 to 64%) 11 (38 to 86%)

Left ventriculogram:
LVEDP (mm Hg) 14 (SD 6) (13 to 15) 20 (SD 6) (17 to 23)**
LVESVI (ml/m') 34 (SD 23) (31 to 37) 49 (SD 22) (38 to 60)*
LVEDVI (ml/m') 83 (SD 60) (76 to 90) 93 (SD 24) (81 to 105)
LVEF (%) 58 (SD 11) (57 to 59) 49 (SD 13) (42 to 56)*

Contractility score:
7- 8 236 (71 to81%) 7 (18to67%)
9-11 41 ( 9to17%) 6 (14to62%)
12ormore 39 ( 8to16%) 4 ( 7to50%)

Perioperative data
No of inserted grafts 3 0 (SD 1 0) (2-9-3 1) 3 3 (SD 0 9) (2-6 to 4-0)
Use of IMA graft 107 (30 to 39%) 2 ( 1 to 36%)
Q wave infarction 10 ( 2 to 6%) 2 (1 to 36%)
Other complications 108 (29 to 40%) 8 (23 to 72%)
Aortic cross clamp (min) 84 (SD 25) (81 to 87) 91 (SD 21) (80 to 102)
Maximal creatine kinase MB (U/l) 67 (SD 88) (57 to 77) 79 (SD 66) (45 to 113)

*p < 0-05; **p < 0 01.
95% Confidence intervals for the means and frequencies in parenthesis.
CHF, congestive heart failure; MI, myocardial infarction; LVH, left ventricular hypertrophy; LVEDP, left ventricular end

diastolic pressure; LVESVI, left ventricular end systolic volume index; LVEDVI, left ventricular end diastolic volume index;
LVEF, left ventricular ejection fraction; IMA, internal mammary artery.

of ischaemia after bypass surgery. Anterior
myocardial jeopardy was when the stenotic

(>50%) left anterior descending coronary
artery without a patent bypass graft was sup-
plying a normal or hypokinetic anterior or

septal left ventricular wall segements, or both.

Inferior jeopardy was present when the sten-

otic right coronary artery without a patent
bypass graft was supplying a normal or

hypokinetic ("viable") inferior left ventricular

segment; and posterior jeopardy was when the

stenotic left circumflex coronary artery with-

out a patent bypass graft was supplying a

viable posterior left ventricular segment. The

range of the jeopardy index was from 0 (no
jeopardy) to 3 (all segments in jeopardy).
The left ventricle was divided into five seg-

ments on the right anterior oblique projection
(anterobasal, anterolateral, apical, diaphrag-
matic, and posterobasal), and into two seg-
ments on the left anterior oblique projection
(posterobasal, septal). Each segment was

coded for wall motion as normal (1 point),
hypokinetic (2 points), akinetic (3 points), or

dyskinetic (4 points). The sum of the points

for each segment was used as a scoring system
for left ventricular contractility as follows:
7 or 8 points, normal or mild contraction
abnormality; 9-11, moderate contraction ab-
normality; more than 12, severe contraction
abnormality.

PERIOPERATIVE DATA
Aortic cross clamping time and maximal
creatine kinase MB release into plasma after

operation were determined in each patient.
Perioperative complications, including low

output syndrome, reoperation due to bleed-
ing, electrocardiographic conduction distur-
bances, atrial fibrillation, and signs of

post-pericardiotomy syndrome were also
noted. Perioperative myocardial infarction
was defined as new occurrence of Q waves in
the electrocardiogram.

FOLLOW UP
A questionnaire was sent to all patients. If a

complete answer was not received the patients
or their relatives or primary physicians were

contacted by telephone. The cut off point for
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Table 2 Postoperative data

Data Alive (n=316) Cardiac death (n= 17)

Clinical data
NYHA class:

I 128 (34to46%) 2 ( 1 to36%)
II 139 (39 to 50%) 12 (44 to 90%)

III 46 (11 to 19%) 1 ( 1 to 36%)
IV 3 ( Oto 3%) 1 ( 0to29%)

Symptoms of CHF 47 (11 to 19%) 6 (14 to 62%)
Medication:

Digitalis 123 (34 to 45%) 13 (50 to 93%)*
Diuretic 77 (19 to 30%) 13 (50 to 93%)**
Blocking agent 265 (80 to 88%) 12 (44 to 90%)

Calcium antagonist 63 (15 to 24%) 0 ( 0 to 20%)
Antiplatelet agent 166 (47 to 59%) 6 (14 to 62%)
Anticoagulant 150 (42 to 53%) 11 (38 to 86%)

Smoking history:
Non-smoker 77 (19 to 30%) 5 (10 to 56%)
Ex-smoker 189 (55 to 65%) 10 (33 to 82%)
Smoker 50 (llto21%) 2 ( 7to50%)

Hypertension 66 (17 to 26%) 4 ( 7 to 50%)
Diabetes 17 ( 3 to 8%) 2 ( Ito 36%)
Cholesterol (mmol/l) 7-0 (SD 1-4) (6-8-7 2) 6-6 (SD 1 6) (5-8-7 4)
High density lipid cholesterol (mmol/l) 10 (SD 03) (0-9-1 0) 10 (SD 02) (0 9-1-1)
Triglycerides (mmol/l) 2 2 (SD 1 4) (2 0-2 4) 2 2 (SD 1 4) (1-5-2 9)
Electrocardiogram:
Q waves 116 (32 to 42%) 11 (38 to 86%)
Bundlebranchblock 25 ( 5toll%) 3 ( 4to43%)
LVH 12 ( 2to 7%) 1 ( 0to29%)

x Ray:
Enlarged cardiac size 145 (40 to 51%) 12 (44 to 90%)
Congestion 6 ( 1 to 4%) 1 ( 0 to 29%)

Angiographic data
Graft patency 79 (SD 26) (76 to 82) 73 (SD 29) (58 to 87)
Jeopardy score:
0 152 (43 to 51%) 6 (14 to 62%)
1 127 (34 to 46%) 5 (10 to 56%)
2 33 ( 7to15%) 5 (lOto56%)
3 4 ( Oto 3%) 1 ( 0to29%)

Left ventriculogram:
LVEDP (mm Hg) 14 (SD 5) (13 to 15) 20 (SD 5) (17 to 23)**
LVESVI (ml/m) 35 (SD 22) (33 to 37) 65 (SD 38) (45 to 85)**
LVEDVI (ml/m') 80 (SD 57) (74 to 86) 102 (SD 42) (80 to 124)
LVEF (%) 58 (SD 12) (57 to 59) 40 (SD 15) (32 to 48)

Contractility score:
7-8 233 (69 to 79%) 6 (14 to 62%)
9-11 41 (lOto 17%) 5 (10to56%)
12 Or more 42 (IO to 17%) 6 (14 to 62%)

*p < 0-05; **p < 0 01.
Confidence intervals in parenthesis. Abbreviations as in table 1.

the follow up was five years. When the patient
died we reviewed the patient records and
necropsy data (if available) and questioned
witnesses about events preceding the death.
Deaths were classified as cardiac or non-car-
diac. Cardiac deaths were classified as sudden
if the death occurred within one hour of the
onset of symptoms and as non-sudden if it
occurred more than one hour after the onset.

STATISTICAL ANALYSIS
Differences in data between the survivors and
the patients who died from cardiac causes
during the follow up were analysed by X2
techniques for discrete variables and the two
sample t test for continuous variables, which
were expressed as mean (SD). The propor-
tional hazards method of Cox was used to
adjust for covariates of survival. The cut off
points for dividing ejection fraction and graft
patency into categories were decided before
the statistical analyses of the data. Cumulative
survival curves were calculated by the
Kaplan-Meier method, and the log rank sum
test was used to assess the statistical differ-
ences between the survival curves. Statistical
procedures were carried out with SAS/STAT
(SAS Institute Inc, Cary, NC, USA) soft-
ware.

Results
During the follow up there were 17 cardiac
deaths (5-1%). Fourteen of these (81%) were

sudden deaths and three were non-sudden. Six
patients died from non-cardiac causes. Tables
1 and 2 show the preoperative and post-
operative clinical and angiographic data of
patients who survived and those who suffered
cardiac death.

PREOPERATIVE AND PERIOPERATIVE DATA

Preoperative use of diuretic treatment was

more common in the patients who died after
surgery than in the survivors; but there were no

other preoperative clinical features that differed
between the groups. Preoperative ejection frac-
tion was lower in the patients who died than in
the survivors and abnormalities of left ventri-
cular contraction and increased left ventricular
end diastolic pressure were also more common.
The preoperative clinical or angiographic
severity of coronary artery disease was similar
in both groups.
None of the perioperative data differed be-

tween the cardiac death patients and survivors.
Only two patients with subsequent death had
Q wave perioperative myocardial infarction,
but new abnormalities in wall motion were
detected in five out of 17 patients.
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POSTOPERATIVE DATA
Treatment with digitalis and diuretic drugs
was more common three months after surgery

in the patients who died than in the survivors.
Clinical heart failure tended to be less common
in survivors (p = 0-05), though the functional
class did not differ significantly between the
groups (table 2).

Postoperative left ventricular volumes and
left ventricular end diastolic pressures were

significantly higher and ejection fractions lower
in those who died, and abnormalities of left
ventricular wall motion were more common.

The left ventricular end systolic volume index
increased from a mean (SD) of49 (22) to 65 (38)
ml/m2 (p < 0 05) and the ejection fraction
decreased from 49 (13) to 40 (15)% (p < 0 05)
in patients who died of cardiac causes after
surgery, whereas left ventricular function
remained unchanged in the survivors. The
postoperative myocardial jeopardy index did
not differ between the groups, nor did the rate of
graft patency. Twenty eight patients had an

ejection fraction <40% after bypass surgery,

and 12 (43%) of these patients died of cardiac
causes during the follow up. Only five patients
with subsequent cardiac death had a pre-

operative ejection fraction < 40%. Cumulative
survival was significantly lower in the patients
in whom the postoperative ejection fraction
was <40% than in those in whom it was

>40% (figure). Eleven (31%) of the patients
with a postoperative end systolic volume index
>50 ml/m2 after surgery died from cardiac
causes.

After adjustment for prognostic variables by

Table 3 Cox regression analysis and proportional hazardfunctions

Five year Standard error

Covariate coefficients of coefficients p Value

Angiographic: -803001Postoperative EF 008 003 0001
>1 occluded graft 0 19 0 53 07

Clinical:
Angina pectoris 0-90 0-82 0-28

Symptoms ofCHF 015 055 078
Digitalis usage 0-24 0-69 0-7
Diuretic usage 1-65 0-69 0-02

EF, ejection fraction; CHF, congestive heart failure.

the proportional hazards method, a low post-
operative ejection fraction remained significant
in predicting the risk of cardiac mortality five
years after surgery (table 3).

Discussion
The angiographically determined degree of left
ventricular dysfunction after coronary artery
bypass surgery was most closely associated
with an increased risk of cardiac death during
the first five years after operation. Although the
largest survival benefit from revascularisation
has been reported in patients with reduced
preoperative ejection fraction,7- the present
data show that the risk of cardiac death still
remains relatively high in patients with
impaired ventricular function after revascular-
isation. The state of left ventricular function
has been identified as the most important risk
factor for cardiac mortality in almost all surveys
of prognostic indicators in patients with coron-
ary artery disease.""'4 So far there has been
little information, however, on the prognostic
importance of left ventricular function assessed
after the abolition of ischaemia by revascular-
isation. The contribution of reversible
ischaemic left ventricular dysfunction to a low
preoperative ejection fraction in previous
studies has been largely unknown, and thus
probably accounts for a beneficial effect of
revascularisation on survival. Some patients
may have continuing myocardial ischaemia
which results in abnormalities ofwall motion at
the time of the preoperative ventriculogram
and all abnormalities may not necessarily reflect
irreversible scarring of the left ventricle.

Left ventricular function had deteriorated
after bypass surgery in many patients who
subsequently died. Thus perioperative myo-
cardial damage had occurred in these patients.
Perioperative infarction, incomplete revas-
cularisation, acute graft occlusions, technical
difficulties leading to long aortic cross clamping
times, and inadequate myocardial protection
may all give rise to impairment of ventricular
function. Perioperative Q wave infarctions
were fairly uncommon, but new abnormalities
of left ventricular contraction were detected in
five of 17 patients who later died. It is obvious
that small perioperative infarctions or diffuse
myocardial damage often remain undetected
after operation. Some institutional factors such
as surgical and myocardial preservation tech-
niques may influence the outcome after opera-
tion. In any case, the present data emphasise
the importance of developments in protection
from perioperative myocardial damage,
especially with high risk patients in whom left
ventricular contractility is impaired before
operation.

Conventional clinical methods after surgery
were not very helpful for identifying patients
who would subsequently die of cardiac causes.
The functional state of the patients after opera-
tion did not reliably identify the increased risk
of cardiac death, although those who later died
tended to have symptoms of heart failure more
often than those who survived. Previous
research had indicated that the severity of
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symptomatic heart failure correlates poorly
with the ejection fraction or other indices of left
ventricular function.'5 16 Thus impaired left
ventricular function may not be easy to recog-
nise clinically despite its adverse prognostic
significance. The patients who died were more
likely to be taking digitalis and diuretic drugs
than those who survived. This association may
not be related to the medications themselves,
but rather reflects more frequent episodes of
past clinical heart failure.
The extent of the myocardium still at

jeopardy after revascularisation was not
strongly associated with increased cardiac mor-
tality, although the small number of events
prevents definite conclusions being reached, the
present data suggest that myocardial ischaemia
may not be crucial in the initiation of cardiac
death during the first years after surgery, when
the graft occlusions are infrequent. The com-
mon clinical risk factors attached to athero-
sclerosis, such as smoking, hypertension, and
lipid profile, did not distinguish between the
survivors and those who died. Atherosclerosis
of bypass grafts usually accelerates later than
five years after surgery,'5 which perhaps
explains the lack ofassociation between the risk
factors for atherosclerosis and cardiac death in
this series.

Consistent with previous large trials,'-3 the
incidence ofcardiac deaths after bypass surgery
was relatively low in this study. Despite the
small number of patients who died, a high risk
subgroup could be identified-namely, those
with a low postoperative ejection fraction.
Some variables that were not measured here-
for example, data from exercise testing,
ambulatory monitoring, and signal averaging
electrocardiographic and invasive electro-
physiological evaluation might give more infor-
mation about the risk of death after operation.
Most of the deaths recorded here were in fact
unexpected sudden deaths. It may be that
bypass surgery does not abolish the substrate
for sustained ventricular tachycardia, which
may play an important part in the initiation of
fatal events.'7 The extent to which invasive or
non-invasive assessment of susceptibility to
uncontrollable arrhythmias could further iden-

tify a smaller group of very high risk patients
within those patients with impaired left ven-
tricular function after bypass surgery remains
unknown.

This work was supported in part by the Paavo Nurmi
Foundation for Cardiovascular Research, Helsinki, Finland.
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